Reversal of protein aggregation provides evidence for multiple aggregated States.
Observations that prefibrillar aggregates from different amyloidogenic proteins can be solubilised under some conditions have raised questions as to the generality of this phenomenon and the nature of the factors that influence it. By studying aggregates formed from human muscle acylphosphatase (AcP) under mild denaturing conditions, and by using a battery of techniques, we demonstrate that disaggregation is possible under conditions close to physiological where the protein is stable in its native state. In the presence of 25% (v/v) trifluoroethanol (TFE) AcP undergoes partial unfolding and globular aggregates (60-200 nm in diameter) that can assemble further into clusters (400-800 nm in diameter) develop progressively. Yet larger superstructures (>5 microm) are formed when the concentration of the globular aggregates exceeds a critical concentration. After diluting the sample to give a solution containing 5% TFE, the fraction of partially unfolded monomeric protein refolds very rapidly, with a rate constant of approximately 1s(-1). The 60-200 nm globular aggregates disaggregate with an apparent rate constant of approximately 2.5 x 10(-3)s(-1) while the 400-800 nm clusters disassembly more slowly with a rate constant of approximately 3.1 x 10(-4)s(-1). The larger (>5 microm) superstructures are not disrupted under the conditions used here. These results suggest that amyloid formation occurs in discrete steps whose reversibility is increasingly difficult, and dependent on the size of the aggregates, and that disaggregation experiments can provide a powerful method of detecting different types of species within the complex process of aggregation. In addition, our work suggests that destabilization of amyloid aggregates resulting in the conversion of misfolded proteins back to their native states could be an important factor in both the onset and treatment of diseases associated with protein aggregation.